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332a Monday, February 17, 2014Ca2þ-free CaM (apoCaM) first bind to channels (preassociate), even before
Ca2þ elevation. Subsequent Ca2þ binding to this ’resident’ CaM then induces
CDI; channels lacking preassociated apoCaM cannot undergo CDI. Here, us-
ing a novel generator of step increases in apoCaM, we find that apoCaM bind-
ing has another powerful effect. As shown below, apoCaM elevation not only
heightens CDI as expected, but strongly boosts peak Ca2þ current (confirmed
to increase PO in single-channel assays). This latter effect could result from
the binding of a second CaM to channels, atop the CaM required for CDI.
However, plotting normalized peak current as a function of CDI strength
invariably resolves a single relationship, over multiple experiments and con-
ditions. This invariance furnishes
compelling evidence that the binding of
one and the same apoCaM imparts in-
creases in both CDI and opening. This
newly recognized apoCaM effect to in-
crease PO opens new dimensions through
which Ca2þ homeostasis can be tuned.1682-Pos Board B412
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Ca2þ signaling via L-type voltage-gated Ca2þ channels (LTCCs or CaV1
channels) has been suggested to play prominent roles in diverse physiolog-
ical processes. In this study, we designed and tested a series of peptides tar-
geting CaV1.3 channels, inspired by the competitive mechanism between
calmodulin (CaM) and distal carboxyl tail (DCT) of LTCCs (Liu, X., et
al., Nature, 2010). These peptide modulators when co-expressed with
CaV1.3 containing full-length variant of DCT were able to bi-directionally
tune the regulatory mechanisms of actual Ca2þ flux through the channel,
e.g., inhibit/enhance calcium dependent inactivation (CDI); meanwhile, other
biophysical properties of CaV1.3 channels, such as half-activation and
maximum conductance were also simultaneously down- or up- regulated
(Liu X., et al., Biophysical J. Suppl., 2008). According to the direction of
the tuning, such peptides are termed as iCaMp (inhibitors of CaM pre-
association) or eCaMp (enhancers of CaM pre-association). Single-residue
mutations on iCaMp/eCaMp substantially attenuated tuning capabilities as
well as binding affinities to the channel, indicated by patch-clamp, FRET
and Co-IP assays. The key motifs of the peptides were further identified
with structural modeling and mutagenesis, and then optimized peptides
were synthesized and acutely applied, producing modulation profiles similar
to those of co-expressed peptides.
In summary, by way of rational design, we successfully developed a series of
peptide modulators, specifically targeting and bi-directionally tuning CaV1.3
channels, which not only provides an innovative set of genetically-encoded
modulators facilitating CaV1.3 biophysics, but also paves the way to dissect
the pathophysiological roles of CaV1.3 channels, such as in neurogenesis and
neurodegeneration.
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L-type Cav1.2 channels regulate multiple processes in neurons, muscle and
endocrine cells, including action potential duration, excitation-contraction
coupling, gene expression, neurotrans-
mitter and insulin release. The amplitude
and functional impact of local Ca2þ signals
(‘‘Cav1.2 sparklets’’) depends on the spatial
distribution of Cav1.2 channels in the sur-
face membrane. Here, we used TIRF mi-
croscopy in combination with STORM
and GSD super-resolution imaging to deter-
mine the organization of Cav1.2 channels in
the surface membrane of arterial myocytes
and tsA-201 cells. The spatial resolution of
our super-resolution maps was ~30 nm. The
localization of Cav1.2 was determined
based on immunofluorescence or EGFP
fluorescence. As shown in the super-resolution map in Fig. 1, we found that
in arterial myocytes, Cav1.2 channels were expressed in clusters broadly
throughout the cell membrane. However, the size and geometry of these clus-
ters varied, suggesting that number of Cav1.2 channels within clusters was dis-
similar. The average size of the clusters was ~3 mm2. Up to 12 channels couldoccupy clusters of this size assuming a monomer occupies ~240 nm2. Similar
findings were obtained from tsA-201 cells expressing Cav1.2-EGFP or
immuno-labeled Cav1.2 channels. Data will be presented on the functional im-
plications of these findings.
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Cav1.3 and Cav1.4 L-type calcium channels were previously both shown to be
expressed in the retina. Whereas Cav1.4 channels are predominantly expressed
in the outer plexiform layer (OPL) at photoreceptor ribbon synapses, reports
on the distribution pattern of Cav1.3 channels in the retina are controversial.
One study reported the uniform expression across all retinal cell layers, and
others showed accumulation in photoreceptor inner segments or the OPL or
the inner nuclear layer or the ganglion cell (GC) layer of the retina. Mutations
in the pore-forming a1-subunit, found in patients diagnosed with Congenital
Stationary Night Blindness type 2 (CSNB2), result in impaired signaling be-
tween photoreceptor cells and second-order neurons. Exemplary, we report
the functional consequences of the novel CaV1.4 mutation GV found in an
Austrian family. Biophysical analysis of GV channels in whole-cell patch-
clamp experiments revealed a reduced current density ([pA/pF]: wt:
12.851.4, n¼18; GV: 3.751.0, n¼7; p<0.001, 15 mM Ca2þ used as charge
carrier) due to decreased surface expression of functional channels, expected
to lead to impaired retinal signaling. In contrast, the contribution of Cav1.3
channels to synaptic transmission is rather ambiguous. We therefore per-
formed multi electrode (MEA) analyses of light-dark evoked GC activity in
Cav1.3-/- mice retinas. Retinas were excised from adult wildtype (wt) and
Cav1.3-/- mice (red-light, carbogen-equilibrated Ames) and mounted
ganglion-cell-side-down (via nitrocellulose-menbrane) on a MEA array. Pre-
liminary data showed a prolongation of GC response latencies in Cav1.3-/-
compared to wt supporting the idea that Cav1.3 channels also contribute to
synaptic transmission. However qRT-PCR analysis of Cav1.4-/- retinas
showed a significant upregulation of Cav1.3-mRNA, thus an alternative role
for signal transduction might also be suggested. Support: Austrian Science
Funds (FWF), P22526:AK; SFB F44 (F44020): JS, AK, (F44060): GJO, Med-
ical University Vienna.
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Mouse pancreatic islets contain approximately 80% b-cells, 15% a-cells and
5% d- and F-cells. High voltage-gated calcium channels (HVCC) regulate the
biosynthesis and release of pancreatic hormones. Based on their pharmaco-
logical properties L-type calcium channels (LTCC) (Cav1.2 or Cav1.3)
represent the predominant current component in islet cells. Insulin release
depends primarily on LTCC and Cav2.3, whereas glucagon release relies
on Cav2.1 or Cav2.2. All these a1 subunits form functional complexes
with auxiliary channel subunits likely including a2d-1. Here we investigate
the role of the a2d-1 subunit in calcium homeostasis and electrical activity
of pancreatic a- and b-cells using a2d-1 knockout mice. Voltage clamp ex-
periments of freshly dissociated a- and b-cells show dramatically (2.5-fold)
decreased calcium currents in a2d-1-/- compared to wild-type cells. Previ-
ously we demonstrated that Cav1.2 lacking a2d-1 subunits displays left-
shifted voltage-dependence of activation and slowed calcium current kinetics.
a- and b-cells of a2d-1-/- mice showed little to no changes in the voltage-
dependence of activation or kinetic properties of calcium influx compared
to wild-type cells. Interestingly, the remaining current is almost completely
blocked by the LTCC antagonist isradipine (2mM). Fluorescent calcium tran-
sients in response to high glucose (16.7 mM) showed a decreased amplitude
and increased frequency of oscillations in isolated islets of a2d-1-/- mice
compared to wild-type. Analysis of low glucose-induced calcium oscillations
in a-cells, and of the electrical activity of both cell types in intact islets are
currently under way. Together, our results indicate that a2d-1 is critical for
membrane incorporation of calcium channels but does not affect LTCC
gating properties in pancreatic endocrine cells. The reduced calcium current
Monday, February 17, 2014 333ain response to glucose stimulus results in altered calcium transients and hor-
mone release in pancreatic islets. Support: FWF W1101, P23479, LFU-
P7400-027-011.
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Background: De novo mutations in calmodulin genes have been recently asso-
ciated with markedly prolonged QT interval and life-threatening ventricular
arrhythmias in infants. Biochemical evidences suggested impaired calcium
ion binding to mutant calmodulins. Calcium dependent inactivation (CDI)
of L-type calcium channel (ICaL) involves the interaction between Ca2þ-
calmodulin and the channel protein. Aims: To explore the effects of two
CALM1 mutations (F142L and D130G) on electrical activity and ICaL prop-
erties in human induced-pluripotent stem cells (iPSC)-derived cardiomyocytes
(CM). Methods: Skin fibroblasts of two patients carrying the mutation
CALM1-F142L or CALM1-D130G were reprogrammed to generate iPSC
and these cells differentiated into CM; a healthy donor was selected as con-
trol. Two cell clones for each mutation were analyzed to rule out clone spec-
ificity. Patch clamp and micro electrode arrays (MEA) analyses were
performed on isolated iPSC-derived CM and beating clusters at about 40
days of differentiation respectively. ICaL was isolated in the presence of cal-
cium or barium ions as charge carriers. Results: CALM1-F142L iPSC-derived
CM showed prolonged field potential duration (FPD) with high beta-
adrenergic sensitivity; peak ICaL density was unaltered, but CDI was mark-
edly reduced and inactivation incomplete. CALM1-D130G iPSC-derived
CM showed higher ICaL density and unaltered CDI. Conclusions: F142L
and D130G calmodulin mutations differently affect ICaL properties in human
iPSC-derived CM. F142L mutation is consistent with reduced calcium affinity
of calmodulin; D130G abnormality suggests ICaL facilitation instead,
possibly resulting from upregulation of alternative calmodulin isoforms. Over-
all, both calmodulin mutations might potentially cause arrhythmogenic cal-
cium overload.
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Consistent findings of the aging heart include diastolic dysfunctions and atten-
uated b-adrenergic receptor (b-AR) stimulation of heart rate and contractility.
However, variable results were reported for the impact of aging on L-type Ca
channel (LTCC) function, the trigger of excitation-contraction. In this study,
we evaluated the impact of aging and gender on LTCC of ventricular myocytes
(VM).
VMs were isolated from LV of young and old mice (C57BL/6) hearts of both
gender and processed for whole-cell voltage clamp recording to measure
LTCC current. VMs from old male showed increased LTCC current density
compared to young VMs. LTCC peak current density were 5.7 5 0.3
pA/pF (n=33) and 12.6 5 1.7 pA/pF (n ¼ 21) (P < 0.01), for young and
old, respectively. Application of PKI, a selective PKA inhibitor, reseted
LTCC current density of old VMs to levels comparable to young VMs. PKI
application decreased LTCC peak current density by 1557% and 5955%
(P < 0.05) in young and old VMs, respectively. Lastly, we tested the impact
of aging on b-AR stimulation of LTCC. Relative to young controls, b-AR
stimulation of LTCC was attenuated in old male but not in female VMs.
Also, in VMs from female hearts, we observed no significant age-dependent
effects on LTCC.
Our novel findings show that LTCC activity is regulated in an age- and
gender-dependent manner via a PKA-dependent mechanism. This may under-
lie the diastolic dysfunction and attenuated b-AR stimulation of cardiac
contractility observed in the aging heart. Our results suggest that this age-
dependent attenuation of the b-AR/c-AMP/PKA stimulation of LTCC may
ultimately decrease the cardiac reserve and increase the susceptibility to heart
failure. Efforts to better understand the structural and functional changes
associated with aging will lead to age-appropriate successful therapeutic in-
terventions.TRP Channels I
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TRPV1 channels are important mediators of nociceptive and inflammation
processes. They can be activated by several types of physical and chemical
stimuli including high temperatures, low extracellular or high intracellular
pH and by a direct interaction with compounds such as capsaicin. Most
endogenous molecules known to interact directly or indirectly with TRPV1
are positive regulators of the activity of the channel. However, relatively
few endogenous negative regulators have been identified. Previously, we
identified cholesterol as an endogenous inhibitor of capsaicin-induced cur-
rents by virtue of its interaction with a cholesterol recognition amino acid
consensus (CRAC) sequence localized in its S5 segment. For other TRP
channels (i.e. TRPM3), there is evidence regarding the role of steroids
such as progesterone and pregnenolone sulphate as modulators of their activ-
ity. For TRPV1, the coinjection of capsaicin with pregnenolone sulphate re-
duces pain (measured as the paw-licking time) in rats. Since cholesterol is the
precursor of several steroidal molecules, and since it shares structural features
with these molecules, we explored if TRPV1 could be directly regulated by
these steroidal molecules in a similar fashion to cholesterol. By applying
pregnenolone, progesterone, testosterone and b-estradiol to excised mem-
brane patches of HEK cells expressing TRPV1, we determined that activation
of TRPV1 by capsaicin is not altered by these steroids. However, in behav-
ioral experiments, we found differences in the pain threshold induced
by capsaicin intradermal paw application between male and female wild-
type C57BL/6J mice. In these experiments the male animals were more
susceptible to capsaicin-induced pain than the female mice, suggesting that
the hormonal difference between sexes could serve as a protective factor
against this type of pain. We are currently assessing if steroidal molecules
regulate other aspects of TRPV1’s function or expression through long-
term effects.
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The Transient Receptor Potential (TRP) ion channel family is ubiquitously pre-
sent throughout mammalian systems and act as polymodal cellular sensors that
measure changes in both global and local environments and respond to a variety
of different gating stimuli including intra- and extracellular messengers, chem-
ical, mechanical and osmotic stress, temperature, growth factors and depletion
of intracellular Ca2þ stores. Given the importance of Ca2þ signalling in all cell
types and the role of TRP channels in regulating Ca2þ homeostasis, it is not sur-
prising that an abnormality in TRP channel function often results in pathogen-
esis of several diseases including channelopathies like mucolipidosis,
polycystic kidney diseases, hypertension and hypomagnesaemia with
hypocalcaemia.
Within the TRP family, TRPM8 is the cold receptor expressed in DRG neurons,
and it is also sensitive to cold mimicking substances such as menthol and icilin.
TRPM8 structure has been studied - mainly by point mutagenesis coupled to
electrophysiology. TRPM8 monomers associate as homotetramers to form a
non-selective cation channel whose selectivity to Ca2þ is about 3 times higher
than for Naþ, though selectivity filter has not been studied. Little is known on
TRPM8 structure-function relation apart that the fourth TM helix (S4) consti-
tutes a moderate voltage-sensing domain and that both cold sensor and PIP2
binding sites are located in the C-terminus of TRPM8.
